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(54)  Negative-feedback  amplifier  circuit  capable  of  independently  controlling  a  gain  and  an 
impedance 

(57)  A  plurality  of  field  effect  transistors  (FET's)  (1  1  , 
12)  are  coupled  in  cascode  connection.  A  drain  of  the 
final-stage  FET  (12)  is  coupled  to  a  gate  of  the  first- 
stage  FET  (1  1)  through  a  first  negative-feedback  circuit 
(13).  A  drain  of  the  first-stage  FET  (11)  is  coupled  to  the 
gate  of  the  first-stage  FET  (1  1)  through  a  second  nega- 
tive-feedback  circuit  (14).  The  first  negative-feedback 
circuit  (13)  is  connected  to  a  first  resistor  (Rf1)  while  the 
second  negative-feedback  circuit  (14)  is  connected  to  a 
second  resistor  (Rf2). 
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Description 

Background  of  the  Invention: 

This  invention  relates  to  a  negative-feedback  ampli-  s 
fier  circuit  comprising  a  plurality  of  transistors  in  so- 
called  cascode  connection  in  the  manner  known  in  the 
art.  The  negative-feedback  amplifier  circuit  is  for  ampli- 
fying  an  input  electric  signal  into  an  output  electric  sig- 
nal  10 

In  cable  television  (CATV)  systems  or  the  like,  trials 
have  recently  been  made  to  accommodate  an 
increased  number  of  video  signal  channels  as  many  as 
1  00  or  more.  In  order  to  cope  with  such  a  large  number 
of  video  signal  channels,  it  is  required  to  provide  a  wide-  is 
band  amplifier  capable  of  amplifying  a  video  signal  over 
a  wide  band.  Specifically,  each  video  channel  is  gener- 
ally  required  to  have  a  bandwidth  on  the  order  of  6MHz. 
Therefore,  the  wide-band  amplifier  is  required  to  per- 
form  low-distortion  and  high-gain  amplification  over  a  20 
wide  band  of  at  least  600MHz.  Preferably,  the  wide- 
band  amplifier  of  the  type  is  adapted  to  perform  low-dis- 
tortion  amplification  over  a  band  as  wide  as  1GHz,  tak- 
ing  a  future  increase  in  number  of  channels  into 
consideration.  25 

For  example,  Japanese  Unexamined  Patent  Publi- 
cation  (JP-A)  No.  7-183735  (183735/1995)  discloses 
one  example  of  the  amplifier.  This  amplifier  comprises  a 
negative-feedback  amplifier  circuit  which  includes  a  plu- 
rality  of  field  effect  transistors  (FET's)  in  so-called  cas-  30 
code  connection  and  a  negative-feedback  circuit  for 
achieving  a  desired  gain.  Japanese  Unexamined  Patent 
Publication  (JP-A)  No.  3-52407  (52407/1991)  discloses 
an  amplifier  comprising  bipolar  transistors  instead  of  the 
above-mentioned  FET's.  35 

Fig.  1  shows  a  conventional  negative-feedback 
amplifier  circuit  of  the  type.  The  negative-feedback 
amplifier  circuit  comprises  a  first-stage  FET  1  and  a 
second-stage  FET  2  in  so-called  cascode  connection, 
and  a  negative-feedback  circuit  3  which  couples  a  drain  40 
of  the  second-stage  FET  2  to  a  gate  of  the  first-stage 
FET  1  with  a  resistor  Rf  connected  therebetween  to 
adjust  a  gain.  The  negative-feedback  amplifier  circuit 
has  an  input  terminal  IN  connected  to  the  gate  of  the 
first-stage  FET  1  and  an  output  terminal  OUT  con-  45 
nected  to  the  drain  of  the  second-stage  FET  2. 

In  the  negative-feedback  amplifier  circuit  illustrated 
in  Fig.  1  ,  however,  the  gain  is  adjusted  or  changed  by 
selecting  a  resistance  value  of  the  resistor  Rf.  In  this 
event,  impedances  of  the  input  terminal  IN  and  the  out-  so 
put  terminal  OUT  are  also  changed.  This  results  in 
impedance  mismatching  with  external  circuits  con- 
nected  to  the  input  terminal  IN  and  the  output  terminal 
OUT.  This  is  because  the  gain  and  the  impedances  can 
not  be  controlled  independently  from  each  other.  ss 
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Summary  of  the  Invention: 

It  is  therefore  an  object  of  this  invention  to  provide  a 
negative-feedback  amplifier  circuit  capable  of  independ- 
ently  controlling  a  gain  and  an  impedance. 

Other  objects  of  this  invention  will  become  clear  as 
the  description  proceeds. 

A  negative-feedback  amplifier  circuit  to  which  this 
invention  is  applicable  is  for  amplifying  an  input  electric 
signal  into  an  output  electric  signal  and  comprises  a  plu- 
rality  of  active  elements  in  cascode  connection.  The 
active  elements  include  a  first-stage  active  element  and 
a  final-stage  active  element  each  of  which  comprises  an 
element  input  terminal,  an  element  output  terminal,  and 
an  element  control  terminal.  The  element  control  termi- 
nal  of  the  first-stage  active  element  is  supplied  with  the 
input  electric  signal.  The  element  output  terminal  of  the 
final-stage  active  element  outputs  the  output  electric 
signal.  The  negative-feedback  amplifier  circuit  further 
comprises  a  first  negative-feedback  circuit  connected 
between  the  element  output  terminal  of  the  final-stage 
active  element  to  the  element  control  terminal  of  the 
first-stage  active  element  and  a  second  negative-feed- 
back  circuit  connected  between  the  element  output  ter- 
minal  of  the  first-stage  active  element  and  the  element 
control  terminal  of  the  first-stage  active  element. 

A  negative-feedback  amplifier  circuit  to  which  this 
invention  is  also  applicable  is  for  amplifying  an  input 
electric  signal  into  an  output  electric  signal  and  com- 
prises  a  plurality  of  FET's  in  cascode  connection.  The 
FET's  include  a  first-stage  FET  and  a  final  stage  FET 
each  of  which  comprises  a  source,  a  drain,  and  a  gate. 
The  gate  of  the  first-stage  FET  is  supplied  with  the  input 
electric  signal.  The  drain  of  the  final-stage  FET  outputs 
the  output  electric  signal.  The  negative-feedback  ampli- 
fier  circuit  further  comprises  a  first  negative-feedback 
circuit  connected  between  the  drain  of  the  final-stage 
FET  and  the  gate  of  the  first-stage  FET  and  a  second 
negative-feedback  circuit  connected  between  the  drain 
of  the  first-stage  FET  and  the  gate  of  the  first-stage  FET. 

A  negative-feedback  amplifier  circuit  to  which  this 
invention  is  also  applicable  is  for  amplifying  an  input 
electric  signal  into  an  output  electric  signal  and  com- 
prises  a  plurality  of  bipolar  transistors  in  cascode  con- 
nection.  The  bipolar  transistors  include  a  first-stage 
bipolar  transistor  and  a  final  stage  bipolar  transistor 
each  of  which  comprises  an  emitter,  a  collector,  and  a 
base.  The  base  of  the  first-stage  bipolar  transistor  is 
supplied  with  the  input  electric  signal,  the  collector  of 
the  final-stage  bipolar  transistor  outputs  the  output  elec- 
tric  signal.  The  negative-feedback  amplifier  circuit  fur- 
ther  comprises  a  first  negative-feedback  circuit 
connected  between  the  collector  of  the  final-stage  bipo- 
lar  transistor  and  the  base  of  the  first-stage  bipolar  tran- 
sistor  and  a  second  negative-feedback  circuit 
connected  between  the  collector  of  the  first-stage  bipo- 
lar  transistor  and  the  base  of  the  first-stage  bipolar  tran- 
sistor. 
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Brief  Description  of  the  Drawing: 

Fig.  1  is  a  circuit  diagram  of  a  conventional  nega- 
tive-feedback  amplifier  circuit; 
Fig.  2  is  a  circuit  diagram  of  a  negative-feedback  s 
amplifier  circuit  according  to  a  first  embodiment  of 
this  invention;  and 
Fig.  3  is  a  circuit  diagram  of  a  negative-feedback 
amplifier  circuit  according  to  a  second  embodiment 
of  this  invention.  10 

Description  of  the  Preferred  Embodiment: 

Now,  description  will  be  made  about  this  invention 
with  reference  to  the  drawing.  is 

Referring  to  Fig.  2,  description  will  be  made  about  a 
negative-feedback  amplifier  circuit  according  to  a  first 
embodiment  of  this  invention.  The  negative-feedback 
amplifier  circuit  is  for  amplifying  an  input  electric  signal 
into  an  output  electric  signal  and  comprises  first-stage  20 
and  final  or  second-stage  field  effect  transistors  (FET's) 
1  1  and  12  as  active  elements.  In  the  manner  known  in 
the  art,  each  of  the  first-stage  and  the  second  stage 
FET's  11  and  12  comprises  a  gate,  a  source,  and  a 
drain  which  are  referred  to  as  an  element  control  termi-  25 
nal,  an  element  input  terminal,  and  an  element  output 
terminal,  respectively.  The  negative-feedback  amplifier 
circuit  has  a  circuit  input  terminal  IN  coupled  to  the  gate 
of  the  first-stage  FET  1  1  for  being  supplied  with  the 
input  electric  signal  and  a  circuit  output  terminal  OUT  30 
coupled  to  the  drain  of  the  second-stage  FET  1  2  for  out- 
putting  the  output  electric  signal.  The  drain  of  the  first- 
stage  FET  1  1  is  coupled  to  the  source  of  the  second- 
stage  FET  12.  Thus,  the  first-stage  and  the  second- 
stage  FET's  1  1  and  1  2  are  coupled  in  so-called  cascode  35 
connection  known  in  the  art. 

The  source  of  the  first-stage  FET  1  1  is  coupled  to 
ground.  The  gate  of  the  second-stage  FET  12  is  cou- 
pled  to  ground. 

The  negative-feedback  amplifier  circuit  further  com-  40 
prises  a  first  negative-feedback  circuit  13  coupling  the 
drain  of  the  second-stage  FET  1  2  to  the  gate  of  the  first- 
stage  FET  1  1  ,  and  a  second  negative-feedback  circuit 
14  coupling  the  drain  of  the  first-stage  FET  11  to  the 
gate  of  the  first-stage  FET  1  1  .  The  first  and  the  second  45 
negative-feedback  circuits  13  and  14  comprises  first 
and  second  resistors  Rf1  and  Rf2,  respectively. 

In  the  above-mentioned  negative-feedback  ampli- 
fier  circuit,  an  output  impedance  can  be  adjusted  by  the 
first  resistor  Rf  1  .  A  gain  can  be  adjusted  by  the  first  and  so 
the  second  resistors  Rf  1  and  Rf2.  Therefore,  by  adjust- 
ing  the  gain  and  the  output  impedance  by  the  resistors 
Rf2  and  Rf  1  ,  respectively,  the  gain  and  the  output 
impedance  can  be  independently  controlled. 

Referring  to  Fig.  3,  the  description  will  be  directed  ss 
to  a  negative-feedback  amplifier  circuit  according  to  a 
second  embodiment  of  this  invention.  Similar  parts  are 
designated  by  like  reference  numerals. 

The  negative-feedback  amplifier  circuit  is  for  ampli- 
fying  an  input  electric  signal  into  an  output  electric  sig- 
nal  and  comprises  first-stage  and  final  or  second-stage 
bipolar  transistors  21  and  22  as  the  active  elements  in 
place  of  the  FET's  1  1  and  12  illustrated  in  Fig.  2.  In  the 
manner  known  in  the  art,  each  of  the  first-stage  and  the 
second  stage  bipolar  transistors  21  and  22  comprises  a 
base,  an  emitter,  and  a  collector  which  are  referred  to  as 
the  element  control  terminal,  the  element  input  terminal, 
and  the  element  output  terminal,  respectively.  In  the 
negative-feedback  amplifier  circuit,  the  circuit  input  ter- 
minal  IN  is  coupled  to  the  base  of  the  first-stage  bipolar 
transistor  21  ,  the  circuit  output  terminal  OUT  being  cou- 
pled  to  the  emitter  of  the  second-stage  bipolar  transistor 
22.  The  collector  of  the  first-stage  bipolar  transistor  21  is 
coupled  to  the  emitter  of  the  second-stage  bipolar  tran- 
sistor  22.  Thus,  the  first-stage  and  the  second-stage 
bipolar  transistors  21  and  22  are  coupled  in  so-called 
cascode  connection  known  in  the  art. 

The  emitter  of  the  first-stage  bipolar  transistor  21  is 
coupled  to  ground.  The  base  of  the  second-stage  bipo- 
lar  transistor  22  is  coupled  to  ground. 

In  the  negative-feedback  amplifier  circuit,  the  first 
negative-feedback  circuit  13  couples  the  collector  of  the 
second-stage  bipolar  transistor  22  to  the  base  of  the 
first-stage  bipolar  transistor  21.  The  second  negative- 
feedback  circuit  14  couples  the  collector  of  the  first- 
stage  bipolar  transistor  21  to  the  base  of  the  first-stage 
bipolar  transistor  21  .  The  first  and  second  resistors  Rf1 
and  Rf2  are  connected  to  the  first  and  the  second  neg- 
ative-feedback  circuits  1  3  and  1  4,  respectively. 

In  the  above-mentioned  negative-feedback  ampli- 
fier  circuit,  the  output  impedance  can  be  adjusted  by  the 
first  resistor  Rf  1  .  The  gain  can  be  adjusted  by  the  first 
and  the  second  resistors  Rf  1  and  Rf2.  Therefore,  by 
adjusting  the  gain  and  the  output  impedance  by  the 
resistors  Rf2  and  Rf  1  ,  respectively,  the  gain  and  the  out- 
put  impedance  can  be  independently  controlled. 

Thus,  it  is  possible  to  independently  control  the  gain 
and  the  output  impedance.  Therefore,  each  of  the  neg- 
ative-feedback  amplifier  circuits  described  above  is 
capable  of  adjusting  the  gain  without  causing  imped- 
ance  mismatching. 

Each  of  the  above-mentioned  negative-feedback 
amplifier  circuits  is  adapted  for  use  in  a  wide-band 
amplifier  required  in  a  CATV  or  the  like  to  cope  with  an 
increase  in  number  of  channels. 

While  this  invention  has  thus  far  been  described  in 
conjunction  with  a  few  embodiments  thereof,  it  will  read- 
ily  be  possible  for  those  skilled  in  the  art  to  put  this 
invention  into  practice  in  various  other  manner.  For 
example,  although  the  foregoing  description  is  directed 
to  the  case  where  the  two  active  elements  are  used,  it 
will  be  understood  that  this  invention  is  also  applicable 
to  the  case  where  three  or  more  active  elements  are 
coupled  in  cascode  connection  in  the  manner  known  in 
the  art. 
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Claims 

1  .  A  negative-feedback  amplifier  circuit  for  amplifying 
an  input  electric  signal  into  an  output  electric  signal, 
including  a  plurality  of  active  elements  in  cascode 
connection,  said  active  elements  including  a  first- 
stage  active  element  and  a  final-stage  active  ele- 
ment  each  of  which  comprises  an  element  input  ter- 
minal,  an  element  output  terminal,  and  an  element 
control  terminal,  said  element  control  terminal  of 
the  first-stage  active  element  being  supplied  with 
said  input  electric  signal,  said  element  output  termi- 
nal  of  the  final-stage  active  element  outputting  said 
output  electric  signal,  and  a  first  negative-feedback 
circuit  connected  between  said  element  output  ter- 
minal  of  the  final-stage  active  element  to  said  ele- 
ment  control  terminal  of  the  first-stage  active 
element,  wherein  the  improvement  comprises  a 
second  negative-feedback  circuit  connected 
between  said  element  output  terminal  of  the  first- 
stage  active  element  and  said  element  control  ter- 
minal  of  the  first-stage  active  element. 

4.  A  negative-feedback  amplifier  circuit  as  claimed  in 
any  one  of  claims  1  through  3,  wherein  said  first 
negative-feedback  circuit  comprises  a  first  resistor 
for  adjusting  an  output  impedance,  said  second 

5  negative-feedback  circuit  comprising  a  second 
resistor  for  adjusting  a  gain  in  cooperation  with  said 
first  resistor. 

10 
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20 

2.  A  negative-feedback  amplifier  circuit  for  amplifying 
an  input  electric  signal  into  an  output  electric  signal,  25 
including  a  plurality  of  FET's  in  cascode  connec- 
tion,  said  FET's  including  a  first-stage  FET  and  a 
final  stage  FET  each  of  which  comprises  a  source, 
a  drain,  and  a  gate,  said  gate  of  the  first-stage  FET 
being  supplied  with  said  input  electric  signal,  said  30 
drain  of  the  final-stage  FET  outputting  said  output 
electric  signal,  and  a  first  negative-feedback  circuit 
connected  between  said  drain  of  the  final-stage 
FET  and  said  gate  of  the  first-stage  FET,  wherein 
the  improvement  comprises  a  second  negative-  35 
feedback  circuit  connected  between  said  drain  of 
the  first-stage  FET  and  said  gate  of  the  first-stage 
FET. 

3.  A  negative-feedback  amplifier  circuit  for  amplifying  40 
an  input  electric  signal  into  an  output  electric  signal, 
including  a  plurality  of  bipolar  transistors  in  cascode 
connection,  said  bipolar  transistors  including  a  first- 
stage  bipolar  transistor  and  a  final  stage  bipolar 
transistor  each  of  which  comprises  an  emitter,  a  45 
collector,  and  a  base,  said  base  of  the  first-stage 
bipolar  transistor  being  supplied  with  said  input 
electric  signal,  said  collector  of  the  final-stage  bipo- 
lar  transistor  outputting  said  output  electric  signal, 
and  a  first  negative-feedback  circuit  connected  so 
between  said  collector  of  the  final-stage  bipolar 
transistor  and  said  base  of  the  first-stage  bipolar 
transistor,  wherein  the  improvement  comprises  a 
second  negative-feedback  circuit  connected 
between  said  collector  of  the  first-stage  bipolar  55 
transistor  and  the  base  of  the  first-stage  bipolar 
transistor. 
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